Background {#Sec1}
==========

One of the most interest topics in mathematics ecology concerns the uniform persistence, almost periodic oscillations and global stability of ecology system. It is well known that a lot of Lotka--Volterra competitive systems have been discussed. Chen ([@CR2]) proposed and discussed a more practical competitive model as follows:$$\documentclass[12pt]{minimal}
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                \begin{document}$$\begin{aligned} \left\{ \begin{array}{lll} \dot{x}_{1}(t)=x_{1}(t)\bigg [\frac{a_{10}(t)}{x_{1}(t)+m_{1}(t)} -a_{11}(t)x_{1}(t)-a_{12}(t)x_{2}(t)-c_{1}(t)\bigg ],\\ \dot{x}_{2}(t)=x_{2}(t)\bigg [\frac{a_{20}(t)}{x_{2}(t)+m_{2}(t)}-a_{21}(t)x_{1}(t) -a_{22}(t)x_{2}(t)-c_{2}(t)\bigg ]. \end{array}\qquad \right. \end{aligned}$$\end{document}$$In biological terms, $\documentclass[12pt]{minimal}
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                \begin{document}$$a_{21}$$\end{document}$ are inter-specific competition rates. The asymptotic behaviors of the solution to the system ([1](#Equ1){ref-type=""}) have been studied in Liu et al. ([@CR14]).

It is well known that the assumption of almost periodicity of the coefficients in systems is a way of incorporating the time-dependent variability of the environment, especially when the various components of the environment are periodic with not necessary commensurate periods (e.g., climate change, food supplies, mating habits and harvesting). For this reason, the assumption of almost periodicity is more realistic, more important and more general when we consider the effects of the environmental factors. In recent years, there are many scholars concerning with the Schoener's competition system. Topics such as existence, uniqueness and global attractivity of positive periodic solutions or almost periodic solutions of the system were extensively investigated, and many excellent results have been derived (see Xue et al. [@CR28]; Tian et al. [@CR24]; Zhang et al. [@CR35]; Liu and Xu [@CR13]; Liu et al. [@CR15]; Li and Yang [@CR8]; Gan and Lin [@CR4]; Wu et al. [@CR25]; Zhang et al. [@CR34] and the references cited therein).

On the other hand, many evolution processes are characterized by the fact that at certain moments of time they experience a change of state abruptly. These processes are subject to short-term perturbations whose duration is negligible in comparison with the duration of the process. Consequently, it is natural to assume that these perturbations act instantaneously, that is, in the form of impulses. Thus impulsive differential equations, that is, differential equations involving impulse effects, appear as a natural description of observed evolution phenomena of real world problems. The ecological systems are often deeply perturbed by human exploitation activities such as planting and harvesting and so on, which makes them unsuitable to be considered continually. In recent years, the impulsive problems in ecological systems have been intensively investigated (see Lakshmikantham et al. [@CR7]; Stamov [@CR23]; Samoilenko and Perestyuk [@CR18]; Bainov and Simeonov [@CR1]; Jin et al. [@CR6]; Stamov [@CR22]; Liu and Chen [@CR12]; He et al. [@CR5]; Zhang et al. [@CR33]; Zhang and Li [@CR31] for more detail). For instance, Zhang et al. ([@CR34]) studied the following almost periodic Schoener's competition model with pure-delays and impulsive effects:$$\documentclass[12pt]{minimal}
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                \begin{document}$$c_{i}$$\end{document}$, are all positive almost periodic functions, $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$i=1,2$$\end{document}$, $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$j=0,1,2$$\end{document}$, $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$h_{1k}, h_{2k}\ge 0$$\end{document}$ are almost periodic sequences, $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
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                \begin{document}$$\{\tau _{k}^{j}\}, \tau _{k}^{j} =\tau _{k+j}-\tau _{k}, k\in {\mathbb {Z}}^+, j\in {\mathbb {Z}}$$\end{document}$ is uniformly almost periodic (see Definition 1 in "[Preliminaries](#Sec2){ref-type="sec"}" section).

The permanence and almost periodicity of all species in multispecies community are very important in biological populations. In recent years, the permanence and almost periodic solution of the models in biological populations has been studied by many authors (see Zhang [@CR29], [@CR30]; Du and Lv [@CR3]; Meng and Chen [@CR16]; Lin and Chen [@CR11]; Zhou et al. [@CR36]; Zhang et al. [@CR32]; Xia et al. [@CR26]; Xia [@CR27]; Liao and Zhang [@CR9]; Liao and Xu [@CR10] and the references cited therein). In these cases, the comparison theorems and the Liapunov functional method of differential equations have been applied to obtain the permanence and almost periodic solutions. However, we find few papers referring to the discontinuous systems (i.e., impulsive systems).

Recently, there are some scholars concerning with the permanence and almost periodic solution of the impulsive models in biological populations, see Zhang et al. ([@CR34], [@CR33]), He et al. ([@CR5]). For example, He et al. ([@CR5]) considered the following impulsive differential equation model of plankton allelopathy$$\documentclass[12pt]{minimal}
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                \begin{document}$$\begin{aligned} \left\{ \begin{array}{lll} \dot{x}_{1}(t)=x_{1}(t)\bigg [r_1(t) -a_{11}(t)x_{1}(t)-a_{12}(t)x_{1}(t)-b_{1}(t)x_{1}(t)x_2(t)\bigg ],\\ \dot{x}_{2}(t)=x_{2}(t)\bigg [r_1(t) -a_{21}(t)x_{1}(t)-a_{22}(t)x_{2}(t)-b_{2}(t)x_{1}(t)x_2(t)\bigg ],\quad t\ne t_k,\\ \Delta x_1(t_k)=h_{1k}x_1(t_k),\\ \Delta x_2(t_k)=h_{2k}x_2(t_k),\quad k\in {\mathbb {Z}}^+. \end{array} \right. \end{aligned}$$\end{document}$$By using the relation between the solutions of impulsive system and the corresponding non-impulsive system, the authors transformed impulsive system ([3](#Equ3){ref-type=""}) into a continuous system. Further, by means of the comparison theorems and the Liapunov functional method of differential equations without impulses, the authors obtained some sufficient conditions ensuring the existence of a unique uniformly asymptotically stable positive almost periodic solution of system ([3](#Equ3){ref-type=""}).

Next, by using a similar method as that in He et al. ([@CR5]), the authors in Zhang et al. ([@CR34], [@CR33]) studied the permanence and almost periodic solution of system ([2](#Equ2){ref-type=""}) and the following impulsive multispecies mutualism system:$$\documentclass[12pt]{minimal}
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*Remark 1* {#FPar1}
----------

Obviously, condition (*F*) is too harsh. For example, if the impulse coefficient $\documentclass[12pt]{minimal}
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                \begin{document}$$h_{ik}\equiv 0.3\,(i=1,2)$$\end{document}$ in system ([2](#Equ2){ref-type=""})--([4](#Equ4){ref-type=""}), then (*F*) is invalid. Therefore, the main results in papers (Zhang et al. [@CR34], [@CR33]; He et al. [@CR5]) are difficult to apply to more extensive model with impulsive effects.

In Zhang et al. ([@CR34], [@CR33]), He et al. ([@CR5]), although the authors considered the impulsive system, but still used the research method of continuous systems. Stimulated by this, by means of the comparison theorem and the Lyapunov functional method of the impulsive differential equations (Lakshmikantham et al. [@CR7]; Stamov [@CR23]), the main purpose of this paper is to establish some sufficient conditions which guarantee the permanence and existence of a unique uniformly asymptotically stable positive almost periodic solution of system ([2](#Equ2){ref-type=""}). The main results obtained in this paper remove the harsh condition (*F*) and provide a possible and effective method to study the permanence and existence of a unique uniformly asymptotically stable positive almost periodic solution of the models with impulsive perturbations in biological populations.
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                \begin{document}$$f^l=\inf _{s\in {\mathbb {R}}}f(s),\quad f^u=\sup _{s\in {\mathbb {R}}}f(s).$$\end{document}$$The organization of this paper is as follows. In "[Preliminaries](#Sec2){ref-type="sec"}" section, we give some basic definitions and necessary lemmas which will be used in later sections. In "[Permanence](#Sec3){ref-type="sec"}" section, by using the comparison theorem of the impulsive differential equations (Lakshmikantham et al. [@CR7]), we give the permanence of system ([2](#Equ2){ref-type=""}). In "[Almost periodic solution](#Sec4){ref-type="sec"}" section, we study the existence of a unique uniformly asymptotically stable positive almost periodic solution of system ([2](#Equ2){ref-type=""}) by applying the Lyapunov method of the impulsive differential equations (Stamov [@CR23]). Finally, an example and numerical simulations are given to illustrate that our results are feasible.

Preliminaries {#Sec2}
=============

Now, let us state the following definitions and lemmas, which will be useful in proving our main result.
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*Remark 2* {#FPar7}
----------
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Permanence {#Sec3}
==========

In this section, we establish a permanence result for system ([2](#Equ2){ref-type=""}).

**Lemma 3** {#FPar8}
-----------
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*Remark 4* {#FPar16}
----------
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**Proposition 1** {#FPar17}
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**Proposition 2** {#FPar19}
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*Remark 5* {#FPar21}
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By Propositions 1, 2, we have

**Theorem 1** {#FPar22}
-------------

*Assume that*$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$(H_1)$$\end{document}$*holds, then system* ([2](#Equ2){ref-type=""})*is permanent*.

*Remark 6* {#FPar23}
----------

Theorem 1 is a permanence result of system ([2](#Equ2){ref-type=""}) without (*F*). So Theorem 1 improves the corresponding result in Zhang et al. ([@CR34]). Further, Theorem 1 provides a possible and effective method to study the permanence of the models with impulsive perturbations and pure-delays in biological populations.

*Remark 7* {#FPar24}
----------

From the proof of Propositions 1, 2, we know that under the conditions of Theorem 1, the set $\documentclass[12pt]{minimal}
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Almost periodic solution {#Sec4}
========================

The main result of this paper concerns the existence of a unique uniformly asymptotically stable positive almost periodic solution for system ([2](#Equ2){ref-type=""}).

For convenience, we introduce some notations as follows:$$\documentclass[12pt]{minimal}
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**Theorem 2** {#FPar25}
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*Proof* {#FPar26}
-------
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*Remark 8* {#FPar27}
----------

Without (*F*), system ([2](#Equ2){ref-type=""}) also admits a unique uniformly asymptotically stable positive almost periodic solution. So Theorem  2 extends the corresponding result in Zhang et al. ([@CR34]). Further, Theorem 2 gives the sufficient conditions for the uniform asymptotical stability of a unique positive almost periodic solution of system ([2](#Equ2){ref-type=""}). Therefore, Theorem 2 provides a possible method to study the existence, uniqueness and stability of positive almost periodic solution of the models with impulsive perturbations and pure-delays in biological populations.

*Remark 9* {#FPar28}
----------

In the last two decades, the method of constructing a Lyapunov functional has been extensively used in the study of stability of the deterministic models (Xue et al. [@CR28]; Tian et al. [@CR24]; Zhang et al. [@CR35]; Liu and Xu [@CR13]; Liu et al. [@CR15]; Li and Yang [@CR8]; Gan and Lin [@CR4]; Wu et al. [@CR25]; Zhang et al. [@CR34]). However, there have been numerous relevant works using the Lyapunov functional method in stochastic systems, see Shang ([@CR19], [@CR20], [@CR21]). The methods used in this paper can be extended to study the permanence and existence of a unique uniformly asymptotically stable positive almost periodic solution of the stochastic models with impulsive perturbations in biological populations.

An example and numerical simulations {#Sec5}
====================================

*Example 1* {#FPar29}
-----------

Consider the following Schoener's competition model with pure-delays and impulsive effects:$$\documentclass[12pt]{minimal}
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*Proof* {#FPar30}
-------
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By using the comparison theorem and the Lyapunov method of the impulsive differential equations, sufficient conditions are obtained for the permanence and existence of a unique uniformly asymptotically stable positive almost periodic solution in a class of impulsive Schoener's competition model with pure-delays. Proposition 2 and Theorem 2 imply that the values of impulse coefficients $\documentclass[12pt]{minimal}
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